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(54) Gas turbine engine and intake for a gas turbine engine with a device to prevent ice forming 



(57) A gas turbine engine (1 0) comprising a nacelle 
(21) having an intake (12), the intake (12) defining a gen- 
erally annular chamber (35), an engine accessory (33, 
34) and a heat exchanger (36) for cooling a fluid of the 



accessory (33, 34) characterised in that the chamber 
(35) is closed and the heat exchanger (36) is disposed 
within the chamber (35) operable to provide heat to pre- 
vent ice forming on the intake (12) during engine (10) 
operation. 
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Description 

[0001] The present invention relates to an intake of 
an aeroengine nacelle and in particular to providing a 
heated intake for prevention of ice build up thereon. 
[0002] The leading edge of the intake of aeroengines 
is particularly prone to icing during flight through clouds 
containing super-cooled water droplets or ground oper- 
ation in freezing fog. Protection against ice formation 
may be required since icing of the intake may signifi- 
cantly affect the airflow through the engine, causing a 
loss of performance and possible malfunction of the en- 
gine. In addition, damage may result from ice breaking 
away and being ingested into the engine or impacting 
acoustic liners around the intake duct. 
[0003] It is well known to provide the intake with an 
electrical element heating system, ducting to supply the 
intake with heated core engine air or piping to supply 
hot engine oil around to the intake prevent ice build up. 
Embodiments of these systems are disclosed in "The 
Jet Engine", Rolls-Royce Pic, 1986, ISBN 0902121235. 
[0004] Electrical heating systems require a substan- 
tial input of electricity, which is generated by an auxiliary 
power unit, as known in the art. Such a system inefficient 
as it requires additional electrical generation. Current 
heated air anti-ice systems require substantial ducting 
and control equipmentto bleed airfrom the core engine 
only when anti-icing measures are required. These sys- 
tems are disadvantaged in that they use air bled from 
the compressor thereby reducing engine efficiency. As 
both these systems impose significant engine power re- 
quirements both use either pilot or control input to switch 
on the anti-icing devices. 

[0005] GB21 36880 relates to a turbo-prop engine 
where heat from a reduction gearbox is transferred by 
conduction through the engine casing to the intake lip. 
An annular air intake comprises a number of stator 
vanes having heat pipes therethrough connecting the 
interior of the reduction gearbox with a heat sink situated 
adjacent the upstream lip of the intake. Heat from the 
hot oil mist within the gearbox is thus conducted to the 
heat sink and serves to heat up the intake lip to prevent 
the formation of ice thereon, while at the same time the 
oil mist is cooled. As this system employs engine oil, 
failure of the system is likely to compromise engine op- 
erability. A further problem is that the heat sink and pip- 
ing imposes a significant weight penalty to the engine 
and nacelle assembly. 

[0006] GB2204361 discloses the transfer of hot oil 
from a reduction gearbox to a heat exchanger and with 
an air scoop that directs external air through the heat 
exchanger and then the warmed air is used to de-ice the 
intake. However, a serious disadvantage with this ar- 
rangement is that the air scoop causes additional aero- 
dynamic drag, therefore reducing the overall efficiency 
of the engine. 

[0007] Therefore it is an object of the present inven- 
tion to provide an anti-icing system for at least the intake 



of a gas turbine engine that does not cause an aerody- 
namic drag, does not use engine oil or air bled from a 
compressor and is a closed system. 
[0008] In accordance with the present invention a gas 

5 turbine engine is provided that comprises a nacelle hav- 
ing an intake, the intake defining a generally annular 
chamber, an engine accessory and a heat exchanger 
for cooling a fluid of the accessory characterised in that 
the chamber is closed and the heat exchanger is dis- 

10 posed within the chamber operable to provide heat to 
prevent ice forming on the intake during engine opera- 
tion. 

[0009] Preferably, a means for circulating air around 
the chamber and driving the air through the heat ex- 
15 changer is provided within the chamber and the means 
for circulating air comprising at least one electrically 
driven fan. 

[001 0] Preferably, the accessory is a generator oper- 
able to generate electricity during engine operation. 

20 [0011] Alternatively, the accessory is a starter/gener- 
ator operable to drive the engine at start up and gener- 
ate electricity during engine operation. 
[0012] Alternatively, the accessory is a gearbox for 
transferring drive between an engine shaft and the ac- 

25 cessory. 

[001 3] Preferably, a second heat exchanger is includ- 
ed in the chamber and associated to a second acces- 
sory. 

[0014] Preferably, the intake comprises at least one 
30 rib extending substantially around the circumference of 
and into the chamber. 

[001 5] Preferably, the at least one rib increases in ex- 
tent into the chamber generally from the heat exchanger 
thereby increasing its surface area for heat exchanging 
35 to provide a more constant heat exchange around the 
circumference of the intake. 

[0016] Alternatively, further ribs are provided around 
the circumference to increase the surface area for heat 
exchanging around the intake to provide a more con- 
40 stant heat exchange around the circumference of the 
intake. 

[0017] Preferably, the ribs also provide increased ri- 
gidity of the intake to protect against foreign body im- 
pacts. 

45 [0018] Furthermore and in accordance with the 
present invention there is provided an intake for a gas 
turbine engine, the intake defining a generally annular 
chamber and capable of housing an engine accessory 
and a heat exchanger capable of cooling a fluid of the 

50 accessory characterised in that the chamber is closed 
and the heat exchanger operable to provide heat to the 
intake. 

[0019] The present invention will be more fully de- 
scribed by way of example with reference to the accom- 
55 panying drawings in which: 

Figure 1 is a schematic section of part of a ducted 
fan gas turbine engine incorporating the present in- 
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vention; 

Figure 2 is a view on section A-A of Figure 1 ; 
Figure 3 is a schematic section of part of a ducted 
fan gas turbine engine incorporating the present in- 
vention; 

Figure 4 is a view on arrow B of Figure 3. 

[0020] With reference to Figures 1 and 2, a ducted fan 
gas turbine engine generally indicated at 1 0 has a prin- 
cipal and rotational axis 11. The engine 10 comprises, 
in axial flow series, an air intake 1 2, a propulsive fan 13, 
an intermediate pressure compressor 14, a high-pres- 
sure compressor 15, combustion equipment 1 6, a high- 
pressure turbine 17, and intermediate pressure turbine 
1 8, a low-pressureturbine 1 9 and an exhaust nozzle 20. 
A nacelle 21 generally surrounds the engine 1 0 and de- 
fines both the intake 12 and the exhaust nozzle 20. 
[0021] The gas turbine engine 10 works in the con- 
ventional manner so that air entering the intake 11 is 
accelerated by the fan 13 to produce two airflows: a first 
air flow into the intermediate pressure compressor 14 
and a second air flow which passes through a bypass 
duct 22 to provide propulsive thrust. The intermediate 
pressure compressor 1 4 compresses the airflow direct- 
ed into it before delivering that air to the high pressure 
compressor 1 5 where further compression takes place. 
[0022] The compressed air exhausted from the high- 
pressure compressor 1 5 is directed into the combustion 
equipment 1 6 where it is mixed with fuel and the mixture 
combusted. The resultant hot combustion products then 
expand through, and thereby drive the high, intermedi- 
ate and low-pressure turbines 17, 18, 19 before being 
exhausted through the nozzle 20 to provide additional 
propulsive thrust. The high, intermediate and low-pres- 
sure turbines 17, 18, 19 respectively drive the high and 
intermediate pressure compressors 15, 14 and the fan 
13 by suitable interconnecting shafts 23, 24, 25. 
[0023] The fan 13 is circumferentially surrounded by 
a structural member in theform of a fan casing 26, which 
is supported by an annular array of outlet guide vanes 
27. 

[0024] The engine 10 further comprises a gearbox/ 
generator assembly 28 used for engine start up and for 
generating electricity once the engine has been started 
and working in convention fashion. The generated elec- 
tricity is used for engine and associated aircraft electri- 
cal accessories as well known in the art. The gearbox/ 
generator assembly 28 is drivingly connected to the 
high-pressure shaft 24, however, in other embodiments 
may be driven by any one or more of the shafts 24, 25. 
In this embodiment, the gearbox/generator assembly 28 
comprises an internal gearbox 29 connecting a first 
drive shaft 30 to the high-pressure shaft 23, an interme- 
diate gearbox 31 connecting the first drive shaft 30 to a 
second drive shaft 32 and an external gearbox 33 driv- 
ingly connected to the second drive shaft 32. The exter- 
nal gearbox 33 is drivingly connected to a generator 34 
that is capable of the aforesaid engine operation. The 



generator 34 and external gearbox 33 are housed within 
the nacelle 21 . The first drive shaft 30, intermediate 
gearbox 31 and the second drive shaft 32 are housed 
within a bypass duct splitter fairing 40. 

5 [0025] The nacelle 21 comprises the intake 12 at its 
forward end; the intake 1 2 defines a generally D-shaped 
and generally annular chamber 35. An oil heat exchang- 
er 36, which serves to cool the oil used in the generator 
34 and gearbox 33, is located in the chamber 35. A pipe 

10 39 fluidly connects the heat exchanger 36 to the gener- 
ator 34. It should be appreciated by those skilled in the 
art, that any suitable heat exchanger 36 is usable. The 
present invention relates to the positioning of the heat 
exchanger 36 in the D-shaped chamber 35 and that the 

15 chamber 35 is closed. The air inside the chamber 35 is 
circulated, removing heat from the oil in the heat ex- 
changer 36 and distributing the heat around the cham- 
ber 35 to heat the intake 12 and thereby prevent ice- 
build up on the intake 12. A means for circulating air 37 

20 and driving the airthrough the heat exchanger 36 is pro- 
vided in the form of an electrically driven fan 37, how- 
ever, more than one fan 37 may be provided in the 
chamber 35. Other means for driving the fan 37 may be 
employed, such as, using pressurised oil or air. 

25 [0026] The present invention is particularly advanta- 
geous in that the heat exchanger 36 is located within the 
intake 1 2 meaning no additional pipe work or ducting is 
required for transferring heated air to the intake 12. A 
second advantage is present in that the arrangement is 

30 a closed system i.e. there is no external air scoop to feed 
air into the heat exchanger and therefore no aero drag 
penalty. Furthermore the chamber 35 circulating air is 
not vented overboard that would otherwise cause an 
aerodynamic drag penalty. A further advantage is that 

35 the generator oil is used as the heat source as opposed 
to engine oil. Hence impact and subsequent damage 
from a foreign object, such as a bird, would not becritical 
to continued engine 10 operation. 
[0027] Importantly, the present invention provides an 

40 anti-icing system that is always active so there is no re- 
quirement for pilot interaction or electronic control. 
[0028] To assist in transferring heat to the intake 12 
the inner surface of the intake 12 comprises a means 
for heat exchange 38 between the air circulating within 

45 the chamber 35 and the walls of the intake 12. In this 
embodiment the means for heat exchange 38 compris- 
es a plurality of generally annular extending ribs 38 that 
also extend from the inner walls of the intake 1 2 into the 
chamber 35. It should be appreciated that the ribs 38 

50 may take many different forms to provide heat exchange 
and as such all provide the essential function of trans- 
ferring heat from the circulating air to the intake 12 to 
prevent ice build up and to provide a relatively cool air 
supply to the heat exchanger 36. As the heated air is 

55 circulated around the chamber 35 it reduces in temper- 
ature, so to provide a more even distribution of heat 
around the intake, the ribs 38 generally increase in 
number from the outlet of the heat exchanger to its inlet. 
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Alternatively and as shown in Figure 4, each rib 38A in- 
creases in height and thus surface area to accommo- 
date and increase heat transfer of the reduction in air 
temperature around the intake 12 from the outlet of the 
heat exchanger to its inlet. The inclusion of ribs 38 fur- 
ther enhances the strength of the intake 1 2 and reduces 
the damage caused by a foreign object striking the in- 
take 12. 

[0029] The present invention provides further advan- 
tages over the prior art in that the prior art engine com- 
prises a thermal anti-ice pipe and outlet duct that are 
omitted in the arrangement of the present invention 
thereby giving an improved weight saving and improved 
arrangement of the engine's remaining piping and other 
accessories. Prior art systems supply hot engine core 
air to a D-shaped chamber at the front of the intakes via 
a large pressurised duct. In the event of duct rupture the 
nacelle fan cowl doors are protected from failure either 
by a pressure relief door or a double walled pressurised 
pipe. The present invention eliminates the requirement 
for these additional features. The space taken up by 
conventional cooler scoops in the rearfancase can pro- 
vide additional acoustic lining. This also provides a per- 
formance advantage since bypass air not lost overboard 
and core air not lost for anti ice purposes. 
[0030] In a further embodiment of the present inven- 
tion, the accessory (33, 34) is a starter/generator (36) 
that is operable to drive the engine (1 0) at start up and 
generate electricity during engine (10) operation. 
[0031] Figures 3 and 4 show the heat exchanger 36 
and the fans 37 further rearward in the chamber 35. This 
is a preferable configuration where the heat exchanger 
36 is significantly heavy and is required to be moved 
rearwardto reduce the bending moment aboutthe outlet 
guide vanes 27. As can be seen, the chamber 35 is 
curved axially and locally to meet and supply cooling air 
through the heat exchanger 36. 

[0032] Whilst endeavouring in the foregoing specifi- 
cation to draw attention to those features of the invention 
believed to be of particular importance it should be un- 
derstood that the Applicant claims protection in respect 
of any patentable feature or combination of features 
hereinbefore referred to and/or shown in the drawings 
whether or not particular emphasis has been placed 
thereon. 



Claims 

1 . A gas turbine engine (1 0) comprising a nacelle (21 ) 
having an intake (12), the intake (12) defining a gen- 
erally annular chamber (35), an engine accessory 
(33, 34) and a heat exchanger (36) for cooling a fluid 
of the accessory (33, 34) characterised in that the 
chamber (35) is closed and the heat exchanger (36) 
is disposed within the chamber (35) operable to pro- 
vide heat to prevent ice forming on the intake (12) 
during engine (10) operation. 



2. A gas turbine engine (10) as claimed in claim 1 
wherein a means for circulating air (37) around the 
chamber (35) and driving the air through the heat 
exchanger (36) is provided within the chamber (35). 

5 

3. A gas turbine engine (10) as claimed in claim 2 
wherein the means forcirculating air (37) comprises 
at least one electrically driven fan (37). 

10 4. A gas turbine engine (10) as claimed in any one of 
claims 1 -3 wherein the accessory (33, 34) is a gen- 
erator (36) operable to generate electricity during 
engine (10) operation. 

15 5. A gas turbine engine (1 0) as claimed in any one of 
claims 1 -3 wherein the accessory (33, 34) is a start- 
er/generator (36) operable to drive the engine (1 0) 
at start up and generate electricity during engine 
(10) operation. 

20 

6. A gas turbine engine (1 0) as claimed in any one of 
claims 1 -3 wherein the accessory (33, 34) is a gear- 
box (34) for transferring drive between an engine 
shaft (23, 24, 25) and the accessory (33, 34). 

25 

7. A gas turbine engine (1 0) as claimed in any one of 
claims 4-6 wherein a second heat exchanger (36) 
is included in the chamber (35) and associated to a 
second accessory (33, 34). 

30 

8. A gas turbine engine (1 0) as claimed in any one of 
claims 1-7 wherein the intake (12) comprises at 
least one rib (38, 38A) extending substantially 
around the circumference of and into the chamber 

35 (35). 

9. A gas turbine engine (10) as claimed in claim 8 
wherein the at least one rib (38, 38A) increases in 
extent into the chamber (35) generally from the heat 

40 exchanger (36) thereby increasing its surface area 
for heat exchanging to provide a more constant heat 
exchange around the circumference of the intake 
(12). 

45 10. A gas turbine engine (1 0) as claimed in any one of 
claims 8 or 9 wherein further ribs (38) are provided 
around the circumference to increase the surface 
area for heat exchanging around the intake (12) to 
provide a more constant heat exchange around the 
50 circumference of the intake (12). 

11. A gas turbine engine (10) as claimed in any one of 
claims 8-10 wherein the ribs (38) are provided to 
increase the rigidity of the intake (12) to protect 

55 against foreign body impacts. 

12. An intake (12) for a gas turbine engine (1 0), the in- 
take (12) defining a generally annular chamber (35) 
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and capable of housing an engine accessory (33, 
34) and a heat exchanger (36) capable of cooling a 
fluid of the accessory (33, 34) characterised in 
that the chamber (35) is closed and the heat ex- 
changer (36) operable to provide heat to the intake 5 
(12). 
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